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Growth of the diphasic fungus, Histoplasma capsulatum, may occur in the yeast phase in the mammalian host, and at 37 C on complex organic media; it may also occur in the mycelial phase at 25 C when using ordinary media. Because of the diphasic nature of this fungus, it is desirable to have available a medium that will support abundant growth of either phase or which will readily facilitate conversion of one phase to the other.
Although conversion of the yeast phase to the mycelial phase may be readily accomplished by lowering the temperature from 37 to 25 C, in vitro conversion of the mycelial phase to the yeast phase is much more difficult.
De Monbrueum (1934) succeeded in the isolation of cultures of this organism in the yeast phase directly from splenic tissue and was able to maintain these cultures in this phase on blood or serum agar under aerobic conditions, together with conditions of high humidity and temperatures of 34 to 37 C. Conant (1941) found that cultures of mycelium transplanted to blood-agar slants and incubated at 37 C converted to the yeast phase when sealed with paraffin. Campbell (1947) described a eysteine-blood medium on which conversion to the yeast phase was obtained after several transfers. Kurung and Yegian (1954) described a maintenance medium of congealed egg-potato flour which supports excellent conversion to the yeast phase. Larsh, Hinton, and Silberg (1956) reported conversion of mycelial strains to the yeast phase in tissue culture. Pine (1954) reported the conversion of mycelial strains to the yeast phase using three amino acids in a medium containing 0.5% albumin.
Studies in our laboratory on the in vitro conversion of Coccidioides immitis prompted this study, which is based upon our findings concerning the requirements for in vitro conversion of H. capsulattinm.
MATERIALS AND METHODS
Cultbres. Two strains of H. capsulatum obtained from human cases of histoplasmosis were used in these studies. These cultures were obtained from the Arizona State Health Laboratories and from the American Type Culture Collection. All cultures used for the original inoculum were transferred from these stock cultures. The stock cultures have maintained their original characteristics as shown by transfer to fresh Sabouraud's dextrose medium. Cultures grown on Sabouraud's medium were used as the source of the mycelial inoculum used in this investigation.
Media. The successful in vitro fungus-yeast conversion of C. immitis, using casein hydrolyzates (Sheffield Chemical Corp., Norwich, N.Y.), indicated that these products might hold promise for utilization in studies concerning H. capsulatum. In the present studies, a 2% solution in demineralized water was used of each of the hydrolysates listed in Tables 1 and 2 . Assay data sheets on each of these products are available from the Sheffield Chemical Corp. These hydrolyzates contain, in the form of mixed amino acids and peptides, all of those amino acids originally present in casein, as well as biotin, folic acid, niacin, pantothenic acid, pyridoxin, riboflavine, thiamine, and B12.
Chemical supplements. Ascorbic acid was used NORTHEY AND BROOKS in a final concentration of 4 mg/ml in those tubes in which this vitamin was added. Tween 80 (Atlas Powder Co., Wilmington, Del.) was used in a final concentration of 0.05%. MIethod of inoculation. Aluminum-capped culture tubes containing 5-ml portions of each of the Sheffield nutrients were inoculated with a mycelial fragment approximately 2 to 3 mm2. The tubes were then divided into three series: (i) hydrolysate without additional additive; (ii) hydrolysate plus ascorbic acid; and (iii) hydrolysate plus Tween 80. A control was maintained on each set, using the medium suggested by Pine (1957) . All tests were inoculated in triplicate and incubated for 10 days at 37 C.
Recording of results. Microscopic examinations were made on the sediment in the liquid medium, and the growth was recorded as follows: 4 + = heavy yeast growth (mycelium virtually absent);
FUNGUS-YEAST CONVERSION OF H. CAPSULATUM RESULTS
The results of this study are summarized in Tables 1 and 2 . Ferm-amine (Types 1, 11, and III) produced the most rapid and complete conversion. Yeast cells produced by this conversion varied in size from 1 to 4 , in diameter. The yeast cells present in the remaining nutrients were comparatively small. The technical grades of the Sheffield products were found to stimulate conversion to a much greater extent than the reagent grades. This finding suggests that the presence of large particles may be a factor in the conversion process, in that aggregate formation provides a more suitable substrate in the liquid medium. However, after filtration of these preparations, conversion proceeded in an identical manner, indicating that other factors are presumably responsible for the observed differences.
DISCUSSION
It was concluded by Pine and Peacock (1958) that the in vitro conversion of the mycelial phase to the yeast phase in H. capsulatum resolves itself into two problems: satisfaction of growth requirements of the yeast phase, and inhibition of growth of the mycelial phase without inhibition of conversion to the yeast phase. He found that no clear-cut conclusion could be reached, since a medium good for several strains would invariably stimulate mycelial growth at 37 C or would inhibit the yeast-phase growth of the remaining strains. Moderate conversion and excellent growth were obtained by the addition of 1% citric acid, 0.005% ZnSO4, and 0.1% ketoglutaric acid to minimal vitamin media.
It is of interest to note that both the reagent and technical grades of N-Z Amine Type YT and YTT, Edamine, and pancreatic autolyzate stimulated varying degrees of conversion. In this regard, it may be possible, through the process of addition or deletion of the various constituents, to find the factor or factors present in the technical grades that have been lost in the refining process and that tend to stimulate conversion. This information may prove to be valuable in elucidating certain of the physiological aspects of the conversion process.
According to Cochrane (1958) , ascorbic acid may affect the growth of higher fungi through its effect on the oxidation-reduction potential. The addition of ascorbic acid to these media did not effect the growth of the mycelium or stimulate the conversion of the mycelium of H. capsutatum to yeast forms. Al-Doory (1960) stated that the yeast phase of H. capsulatum contains larger amounts of lipid material than the corresponding mycelial phase. The addition of Tween 80 (as ester of oleic acid) as a surface depressant to the nutrients used in this study did not enhance the conversion of the saprophytic phase of H. capsulatum to its parasitic phase.
The principal disadvantage in the use of these preparations lies in their inherent turbidity, which, in unstained preparations, tends to obscure the yeasts and makes examination of the microscopic field more difficult.
The ease of preparation of this medium, together with the rapidity and completeness of conversion, provide a convenient method for research studies; this medium may also provide a more rapid and sensitive method for the early diagnosis of histoplasmosis.
